Interactions of nucleotide cofactors with the Escherichia coli replication factor DnaC protein.
Quantitative analyses of the interactions of nucleotide cofactors with the Escherichia coli replicative factor DnaC protein have been performed using thermodynamically rigorous fluorescence titration techniques. This approach allowed us to obtain stoichiometries of the formed complexes and interaction parameters, without any assumptions about the relationship between the observed signal and the degree of binding. The stoichiometry of the DnaC-nucleotide complex has been determined in direct binding experiments with fluorescent nucleotide analogues, MANT-ATP and MANT-ADP. The stoichiometry of the DnaC complexes with unmodified ATP and ADP has been determined using the macromolecular competition titration method (MCT). The obtained results established that at saturation the DnaC protein binds a single nucleotide molecule per protein monomer. Analyses of the binding of fluorescent analogues and unmodified nucleotides to the DnaC protein show that ATP and ADP have the same affinities for the nucleotide-binding site, albeit the corresponding complexes have different structures, specifically affected by the presence of magnesium cations in solution. Although the presence of the gamma-phosphate does not affect the affinity, the structure of the triphosphate group is critical. While the affinity of ATP-gamma-S is the same as the affinity of ATP, the affinities of AMP-PNP and AMP-PCP are approximately 2 and approximately 4 orders lower than that of ATP, respectively. Moreover, the ribose plays a significant role in forming a stable complex. The binding constants of dATP and dADP are approximately 2 orders of magnitude lower than those for ribose nucleotides. The nucleotide-binding site of the DnaC protein is highly base specific. The intrinsic affinity of adenosine triphosphates and diphosphates is at least 3-4 orders of magnitude higher than for any of the other examined nucleotides. The obtained data indicate that the recognition mechanism of the nucleotide by the structural elements of the binding site is complex with the base providing the specificity and the ribose, as well as the second phosphate group contributing to the affinity. The significance of the results for the functioning of the DnaC protein is discussed.